INVESTIGATORS have yet to agree on the significance of exercise-induced ST-segment elevation. This phenomenon has been described in association with: 1) severe ischemic heart disease and usually during an unstable phase,' 2) Prinzmetal's variant angina,2 3) left ventricular aneurysm,3 4) abnormal cardiac hemodynamics with elevated left ven-all the patients who had AMI or critical LAD obstruction during the study period were reviewed, only 22% and 18% respectively showed exercise-induced ST-segment elevation, while 64% of the cases with left ventricular aneurysm displayed this phenomenon.
Thus, exercise-induced ST elevation seems to reflect the presence of severe coronary artery disease most commonly with an associated left ventricular aneurysm and may relate more to the abnormal wall motion than to the myocardial ischemia.per se. tricular end-diastolic pressure and poor ejection fraction,4 5) asymptomatic healthy individuals studied in the Seattle Heart Watch.4 There seems to be no readily available information as to the relative frequency of these associations. The present study was undertaken in order to determine the incidence of exercise-induced ST-segment elevation in a population of male patients being evaluated for cardiovascular disease and to assess the diagnostic value of this phenomenon with regard to the various possible underlying conditions. Methods
The experience in our exercise laboratory during 18 consecutive months was reviewed. figure 4 . The remaining I1 patients (44%) had questionable resting ST elevation compatible with aneurysm. In these 11 patients, the ST-segment elevation was subtle and the J point was less than I mm above baseline. A representative example is shown in figure 5 .
Treadmill Exercise Data
The mean exercise duration ± the standard error for the 29 patients with ST elevation was 4 minutes 58 seconds + 28 seconds. The mean resting heart rate was 95 ± 4 beats/minute and peak exercise heart rate was 149 ± 4 beats/minute, which constitutes more than 85% of the maximal heart rate predicted for the mean age of these patients. The mean resting systolic pressure was 118 ± 4 mm Hg, the mean maximal systolic pressure attained was 143 + 5 mm Hg and the mean maximal pressure rate product was 213 ± 12 X 102. Using the Bruce formulas,9 the left ventricular impairment adjusted for age was 36% and heart rate impairment was 15% for the group as a whole, indicating moderately severe inotropic and mild to moderate chronotropic impairment.
An analysis of the end points that resulted in the stopping of the treadmill in these 29 patients showed that chest pain was the end point in only eight patients (28%). These patients were compared to a series of 75 ginal chest pain as the end point. The difference between these two groups was statistically significant (P < 0.01). The remaining 21 patients with exercise-induced ST elevation had no chest pain during exercise even though 20 (95%) achieved 85% of their predicted maximal heart rate. Those patients stopped because of dyspnea and/or fatigue. 
Summary
The above data show that the correlates of exerciseinduced ST-segment elevation in the leads monitored in our laboratory are the following: 1) anterior myocardial infarction (85%), 2) critical proximal left anterior descending obstruction (90%), and 3) left ventricular apical aneurysm (86%).
In order to assess the relative importance of each of these correlates, we reviewed all the cases that had evidence of anterior myocardial infarction on the resting pre-treadmill electrocardiogram during the study period (N = 13), those which had critical proximal left anterior descending obstruction (N = 104) and those which had left ventricular apical aneurysm (N = 28). The occurrence of exercise-induced ST elevation in each of these groups is presented in table 2. Thus, exercise-induced ST elevation is not a very sensitive indicator of anterior myocardial infarction or critical left anterior descending disease, but is a reasonably sensitive detector of left ventricular apical aneurysm.
A review of the treadmills of the ten patients with left ventricular aneurysm, who did not manifest exercise-induced ST elevation satisfying our criteria, showed four developing subtle ST elevation of less than 1 mm with exercise; these had a mean maximal heart rate of 136 beats per minute. Another four had normalization or flattening of initially negative T waves. Only two had exercise-induced ST depression in at least one of the monitored leads.
Discussion
Exercise-induced ST-segment elevation is an abnormal response that has been associated with various forms of ischemic heart disease. Since ST-segment depression is the classical response to exercise in ischemic heart disease,'0'11 additional implications have been ascribed to the occurrence of ST-segment elevation. Both instability and severity of the ischemia have been invoked as possible causative factors."'2 The phenomenon has also been observed in patients with left ventricular aneurysm,3' 3 and was described and stressed in the diagnosis of Prinzmetal's variant angina.214
While the occurrence of exercise-induced ST elevation in normal individuals is admittedly rare,4," there is no available information regarding the relative incidence of the three previously mentioned associations. Our data suggest that the most commonly observed condition that is associated with exercise-induced ST elevation in a clinical exercise laboratory is left ventricular aneurysm. This finding during a noninvasive test could therefore be helpful in the diagnosis of left ventricular aneurysm which usually necessitates invasive angiography for final documentation. In our study, exercise-induced ST elevation appears to be a relatively sensitive indicator of left ventricular aneurysm since about twothirds of the patients found to have such aneurysms upon angiography demonstrated this electrocardiographic abnormality on exercise testing. The fact that our data seem to indicate a higher sensitivity than previously reported'3 may be partly explained by the fact that we monitored two apical leads. In nine of the 29 patients with exercise-induced ST elevation, the phenomenon was observed in only one of the monitored leads. In either case, exercise testing appears to be more sensitive than the 12-lead resting electrocardiogram where only 36% of left ventricular aneurysms were identifiable by definite persistent ST elevation suggestive of the diagnosis. On the other hand, the exercise-induced ST elevation is also more specific for the diagnosis of aneurysm (86%) than the resting electrocardiogram where a bulge was found on angiography in only one patient of three who had persistent ST elevation."' Although not all the patients with exercise-induced ST elevation and left ventricular aneurysm are surgical candidates for aneurysmectomy, this information may be of value in identifying a subgroup of patients with coronary artery disease who are disabled by dyspnea without angina, in whom cardiac surgery is only indicated if an aneurysm is present.
Our data show an impressive association of anterior myocardial infarction, critical proximal left anterior descending obstruction and left ventricular aneurysm with exerciseinduced ST-segment elevation. However, exercise-induced ST elevation in the population of patients with anterior myocardial infarction or left anterior descending disease occurs too infrequently (22% and 18%, respectively) to permit speculation on a cause and effect relationship with these lesions. The presence of a left ventricular aneurysm seems to be a more important factor that could be implicated in the causation of this electrocardiographic phenomenon. Further, the less frequent occurrence of anginal chest pain in patients manifesting exercise-induced ST elevation compared to those with exercise-induced ischemic ST depression, though unexplained, suggests the possibility that the ST elevation may relate more to the presence of abnormal wall motion than to myocardial ischemia per se.
Of the three patients who developed ST elevation with exercise in the absence of left ventricular aneurysm, one had a history of resting angina but a diagnosis of Prinzmetal's variant could not be attained because of unavailability of documentation of ST elevation with spontaneous chest pain. All three patients had ST elevation during one treadmill, but failed to demonstrate this phenomenon on subsequent treadmills performed between one week and three months later. In contradistinction, the patients with left ventricular aneurysm, who had repeat treadmill tests, demonstrated ST elevation repeatedly as long as they attained 85% of their predicted maximal heart rate.
We therefore conclude that the exercise-induced ST elevation most commonly reflects severe coronary artery disease with associated left ventricular aneurysm. This phenomenon probably relates more to the presence of abnormal wall motion than to the myocardial ischemia per se. Finally, treadmill testing may be a helpful noninvasive technique in the diagnosis of left ventricular aneurysm. 
